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Introduction
The short run cost function plays a key role in estimating market power or predicting input and output decisions. Estimation in the new empirical industrial organization, and elsewhere, typically proceeds by assuming that the common short run marginal cost function is both convex and continuous in either all outputs or, as with hedonic cost functions, in product characteristics. However, recent work suggests models based on these assumptions are not always appropriate for empirical work. One set of papers demonstrates productivity and size varies substantially across plants within industries resulting in divergent responses to common shocks (e.g., Davis and Haltiwanger (1992) ). Furthermore, not controlling for this heterogeneity results in biased estimation (Olley and Pakes (1996) ). A second set of papers presents evidence that production is sometimes better characterised as a discrete rather than a continuous choice and that cost functions may be non-convex (e.g., Bresnahan and Ramey (1994) ). If the cost function is severely misspecified then other results could be compromised.
In this paper, I specify a structural model of a plant short run marginal cost function in an industry featuring both plant level heterogeneity and discrete production decisions across multiple units. A new estimator is proposed to handle the discrete production decisions. Furthermore, the model is extended to deal with incomplete information about plant output and unobserved cost heterogeneity. In particular, plant exit and survival data is used to control for cost differences across operating plants. The structural model is estimated with a new unusually detailed dataset on the U.S. Portland cement industry. Estimates of some parameters of the cost function are found to not differ significantly from independent estimates obtained from trade journals and input consumption data.
The model estimated in this paper significantly improves on earlier work in three ways. First, the discrete production decision rule for multiple units is estimated more directly and completely than in Bertin, Bresnahan and Raff (1996) . Second, input requirement coefficients are adjusted directly for unobservable plant level heterogeneity unlike in Olley and Pakes (1996) and Dionne et al (1998) where the effects of unobservable heterogeneity are introduced a more limited way. Finally, the methodology and model improves on earlier work by being implementable with datasets typically available to firms or consultants rather than specialized datasets such as census unit record data. Thus the model and technique are more broadly applicable. So, before applying standard techniques in industry analysis, the importance of plant heterogeneity and discrete production decisions should be checked. Where these conditions are important, the techniques presented in this paper can be applied.
The structural model is developed explicity for the U.S. Portland cement industry. This is done, in part, for clarity. It is important to stress, though, that the model and methodology can be applied to a broad set of industries which feature discrete production processes and multiple production units or plants, including steel and electricity generation. However, the cement industry requires less simplifying assumptions than typical when econometrically analyzing a manufacturing industry for several reasons. First, cement is essentially homogeneous. Second, it is produced by a relatively simple fixed proportions production process. Third, at least some of the most important sources of plant level heterogeneity are observable and they can be systematically included in both the modelling of the production decision and in the estimation of the short run cost function. Finally, the discrete production choice is a direct implication of the combination of the technology and the nature of competition in the industry.
In the next section, the short run cost function for a plant with multiple heterogeneous production units is derived yielding two discrete decision rules for production and retirement. The data are then introduced in Section 3. In Section 4, the model and data are reconciled and integrated producing a structural model for estimation, with a new estimator, of the short run cost function. Section 5 presents the results and in Section 6 some conclusions are presented.
The Short Run Cost Function
Cement is the powder that is mixed with sand, aggregates and water to produce concrete. Most cement is a standard grey Portland cement effectively homogeneous across sellers. The primary use of concrete is in construction so cement consumption varies directly with construction activity. Demand is substantially separable across years because construction, in most parts of the United States, is concentrated in the summer and fall.
In subsequent subsections, the short run cost function for a cement plant is presented. Though such a function could easily be applied to similar industries. Then it is argued that the plant can be modelled as a price taker. This section concludes with two decision rules for the cement plant for production and retiring capital. The first decision rule provides the foundation for estimating the short run marginal cost function. The second rule is used to control for unobserved heterogeneity in productivity.

1
Manufacturing cement is a relatively simple process. Limestone, or a substitute, is quarried and ground into a raw mix. The raw mix is baked in a large kiln, producing small pellets known as clinker. Grinding the clinker and mixing it with gypsum produces cement. Once a kiln is installed, the input requirements per ton of cement are substantially fixed (e.g., F∅rsund and Hjalmarsson (1983); Das (1991a) ). A kiln typically operates for decades and is then scrapped. The raw (material) grinding mills, the finish (clinker) grinding mills, distribution facilities, and other components of the cement plant are scaled around the kiln, or bank of kilns. The buildings and grinding mills are also usable for decades.
The cost function for the n th of N kilns is derived as follows. Denote, I(Q n > 0)
as an indictator variable that takes the value 1 if the kiln operates and zero otherwise, 
Indexing kilns by vintage and type reflects the emphasis placed on these characteristics in both the engineering and economics literature. There are three types of kilns: wet process, dry process, and preheater/precalciner process kilns. Both fuel and electricity requirements vary systematically by process. In particular, the wet process features the highest fuel requirements, then the dry process, and then the preheater/precalciner process kilns. Fuel consumption is also believed to increase with the age of the kiln because of embodied technological change and depreciation taking the form of increased input requirements (e.g., Das (1992); Rosenbaum (1994) ). Hence, fuel coefficients increase with age as follows:
Kiln differences lead not only to variation across plants but within plants as many plants operate multiple kilns of different vintages. 2 Denote Q as plant output.
Hence, from equations (1) and (2), the short run marginal cost function is as follows:
Hence marginal cost is a step function. For a plant with three kilns with capacities k 1 , k 2 and k 3 plant marginal cost is depicted in Figure 1 .
Fixed costs are composed of two components: start-up and expected shut down costs, and non-sunk capital costs. Expenditure on the plant and equipment is substantially sunk after installation because of the size and immobility of the kilns.
The Decision Variable of the Plant
The traditional view of the cement industry is that the combination of economies of scale with high transportation costs creates within the US a set of regional oligopolies (recent papers in this tradition include McBride (1983) ; Koller and Weiss (1989); Rosenbaum (1994) ). However, whether the oligopolies are small enough to support market power is an empirical issue. The decreasing importance of domestic and international transportation costs is likely to have increased the size of the regional markets and increased the effect of potential competition from outside the markets (e.g. Peck and McGowan (1967) ; Prentice (1996) ).
Hence, following Das (1992) , the cement plant is assumed to be a price taker.
The first implication of this assumption is that production and retirement decisions are made independently of decisions made for other kilns within the plant or across plants. Second, the production and retirement decisions simplify to two simple rules (see Das (1991a) ). Denote β as the discount factor, T * as the (endogenous) retirement date, if not retired in the current period, and SV t the scrap value at time t. The output and retirement decisions can be expressed as follows:
Equation (4) states if price exceeds the average cost of operating the kiln, the kiln operates at full capacity. Otherwise, nothing is produced. The production decision is a discrete choice that depends on price relative to average cost. Similarly, equation (5) states the kiln is retired if the expected present value of its operating is less than the current scrap value. These decision rules correspond to the output and shutdown rules in the continuous production decision case.
Furthermore, equation (4) in combination with equation (3) implies an ordering for the use of kilns -the Kiln Use Rule. In effect all of the kilns at a plant are ranked and operated in order of their efficiency. As the price of cement rises above the marginal cost of each kiln, that kiln is operated, in addition to all younger kilns at the plant. For a given price, the oldest kiln that is profitable to operate, is referred to as the marginal kiln for that plant. All younger kilns are operated, and all kilns older than the marginal kiln are idled. This is illustrated in Figure 1 . With an output price, P, the first two kilns, with capacities k 1 and k 2 , feature marginal costs below P and are operated at full capacity. Kiln 2 is the marginal kiln. The third kiln, with a marginal cost greater than P, is not operated.
Empirical support for the Kiln Use Rule is provided in Das (1992) . After allocating plant output to kilns according to the Kiln Use Rule, most kilns are found to either operate at or near capacity or not at all.
The kiln retirement rule, equation (5), implies older kilns are retired before newer kilns, and wet and dry process kilns are retired before preheater/precalciner kilns. This pattern is generally observed over the sample period. However, there are striking examples of new kilns being closed, and kilns more than 50 years old continuing to operate. Anomalous plants must feature lower or higher than average marginal costs or kiln fixed costs due to plant specific factors such as the quality of their raw materials. The connection between plant productivity and plant exit has been highlighted in recent work. Griliches and Regev (1995) , working with a panel of Israeli manufacturers, note plants closing during the sample period have significantly lower labor productivity than other plants. Olley and Pakes (1996) estimate a production function, including an adjustment for unobserved productivity differences based on plant investment, and achieve significantly better results. In Section 4.4, the kiln retirement rule is used to correct for the unobserved productivity differences across plants.
Finally, it is worth noting some further characteristics of the equilibrium underlying this characterisation of the industry. There may seem to be some tension between the assumption of price taking behavior and observed extensive heterogeneity as competition would drive out the more costly equipment and plants. Salter (1966) resolves this tension. With expenditure on capital equipment at least partially sunk, if demand exceeds capacity and price rises above average cost, Ricardian rents will be earned. In Figure 1 , the rent earned by the firm on each kiln is equal to
Unless entrants expect the rents subsequently earned by the kiln (or plant) will exceed the sunk capital costs entry will not occur and there will be a price taking equilibrium, with some plants earning Ricardian rents.
Specifying a complete theoretical expression for the Ricardian rents requires specifying a general equilibrium model of the national market which is beyond the scope of the paper. The rents depend on the characteristics of the kiln, the locational advantage of the plant, and demand (see also Lindenberg and Ross (1981); Alchian (1987) ). A reduced form expression is presented in Section 4.4.
The Data
To estimate the decision rule for the plant, the operating status of each kiln and a set of explanatory variables are required. The sample features an observation for each plant for each year the plant is operable from 1977 to 1992. In this section, the nature and sources of the data used in this paper are briefly described. First, the basic set of data is described. The second subsection contains an outline of the method used to extract the sample of the operating status for each kiln in each year and the characteristics of the sample.
The Nature of the Data
Four broad sets of data are required: (1) prices of inputs, output and imported cement (2) quantity of clinker produced (3) kiln and plant characteristics (4) Finally, the annual value of construction contracts data (by state) is obtained from FW Dodge. This is deflated by the state construction price index constructed by the author (see Prentice (1997) for more details).
It is important to note that all of this data is available to firms in the industry.
The government data is publically available. The Plant Information Summary and construction data, are compiled explicitly for sale to industry participants and other interested parties. Hence the model presented in Section 4 is usable by a firm or consultant.
The data is summarized in Table 4 including the variables required for controlling for Ricardian rents and unobserved heterogeneity across firms. These variables are discussed in Sections 4.4 and 4.5.
The next step in assembling the data is to assign input and output prices, and import prices, to plants. This yields a plant level data series by matching the state and Minerals Yearbook region prices to the plants located within the relevant areas. For assigning fuel prices to plants, the directory fuel reports are used unless contradicted by a more reliable source.
At this point it is worth comparing this new dataset with those used by earlier authors. This paper uses relatively disaggregated data rather than plant level data available to Das ((1991a); (1991b) ). Rather than using quantities of inputs and outputs to estimate input requirement coefficients, as was done by Bertin, Bresnahan and Raff (1996) and Das ((1991a; (1991b) ), input and output prices are used. This makes the problem more challenging as unlike input and output quantities, prices are determined by factors independently of the technological characteristics of the firm. Estimating input requirement parameters from input and output prices relies on duality relationships. 5 This dataset is, then, more like those used by Prentice (1996) and Rosenbaum (1994) .
This dataset improves on earlier data sets in two respects by including state limestone price and wage rate series. 6 The relatively disaggregated series constructed for this paper are the best available series as plant level series are unavailable.
Calculating Kiln Operating Status
The operating status of each kiln cannot be determined by inspection of the regional clinker output data (unlike for the steel mills in Bertin, Bresnahan and Raff (1996) ). So an algorithm is constructed to infer for each kiln at each plant whether the kiln operated, did not operate or if its status was unknown. The algorithm is presented in The algorithm yields observations for 2154 marginal kilns (each one per plant per year). All plants that featured kilns both operating and not operating, with the differences in their vintages being less than or equal to two years, are deleted. One plant featuring an unusual combination of processes, vintages and capacities is also deleted. This leaves 1999 observations. The outcome for each plant can be characterised into one of four groups, as recorded in Table 2.   7   Table 3 demonstrates the different processes and vintages are all represented in the sample.
The Econometric Model
In this section, the model presented in Section 2 is reconciled with the data to yield a structural model of the short run cost function. Beginning with the production decision rule, equation (4), it is argued that there is a common error term across the kilns at a plant. This means for each plant the relevant observation is that for the marginal kiln. The likelihood function for a new estimator required for this model is derived. Then it is demonstrated that with some strong assumptions this model yields the standard ordered probit. In Sections 4.4 and 4.5 it is discussed how to control for unobserved heterogeneity and Ricardian rents.
Estimating a Cost function for a Discrete Production Process.
The basic equation upon which estimation is based is equation (4). Denote ρ t k n as unobserved costs of operating the n th kiln at the i th plant. The set of decisions for a plant with N kilns, ordered, according to the kiln use rule, from 1 to N, can be expressed as follows:
The per unit unobservable costs ρ i are assumed to be plant specific rather than kiln specific. This is because the likely three largest components are most likely plant specific than kiln specific First, raw materials, other than limestone, are either quarried locally or purchased externally. Hence the prices for these are unlikely to vary with the characteristics of the kiln. Second, the extent of maintenance varies with the expected life of the plant, which is determined by the quality of the raw materials and expected demand. Third, selling and distribution costs vary with the type and location of the customer. The second two are likely to be increasing in kiln capacity.
Estimation requires a distributional assumption on these unobserved costs. For the n th kiln at the i th plant:
While equation (4) could be estimated as a probit, with a sample of all operable kilns, the correlation in the error terms of kilns at the same plant is likely to yield inconsistent estimates. It is now demonstrated that, instead, the appropriate sample is composed of, for each plant operable in each year, the observation, It will now be demonstrated that there are four cases that occur. The first case is that all kilns are operated. In this case ρ i is low enough that even the N th kiln is profitable to operate. The N th kiln is then the marginal kiln. The case of all kilns operating occurs if ρ i is to the left of (D). The probability of observing all kilns operating is given by:
The second case occurs is if n*, where 0 < n* < N, kilns operate. If ρ it is between (B) and (C) then the return on the second (marginal) kiln is positive but return on the third kiln is negative so it is not operated. The probability of observing two out of four kilns operating is given by:
The third case occurs if no kilns are operated i.e. the plant is idled but not closed. To continue the example, if ρ i is to the right of (A) then no kilns are operated as the return on operating the lowest cost kiln is negative and all kilns ranked below also features negative returns. The probability of observing this outcome is:
The fourth broad case occurs when the marginal kiln cannot be identified by the algorithm used in section 3.2. There are two sub-cases, best illustrated by continuing the example of Figure 2 . First consider if it is known that the first kiln operates but not whether any additional kilns are or are not operating. In this case ρ i could take any value to the left of (A). So the probability of observing kiln n′ operating, but the marginal kiln is unknown is given by:
Note that the expression for this case is identical to the case where all kilns are operating except that instead of kiln N being used, the highest ranked kiln known to be operating is used . So these observations are grouped with case one. n′
In some cases, there is more information -some kilns are known to operate and other kilns are known not to operate, but the marginal kiln is unknown. In Figure   2 , if it is known that the first kiln operates and the fourth kiln does not operate, but it is unknown whether the second or third kiln is the marginal kiln, the relevant comparison is between kilns one and four. If it is known that kiln operates and kiln does not operate, but the operating status of kilns ranked in between n n′ j n + ′ ′ and are unknown, the probablity of observing this case is:
The likelihood function for this problem is then constructed as follows. Each 
Note that though this structural model has been developed for a cement plant, the information requirements are such that it can applied in any industry that features firms with multiple production units, with discrete production decisions. Furthermore, the model also handles the realistic case where the firm has information on its competitors characteristics, but not their production decisions.
Comparison of this estimator with other estimators.
Under certain restrictions, the log likelihood function (13) is equivalent to that for the standard ordered probit as described, for example, in Greene (1993) .
First consider the average return expression in equation (4) and note how it is used in equations (8) 
Specifications for Estimation
In this subsection, the three specifications of the cost function to be estimated are described. The first specification, referred to as the General specification, is as just described, based on log likelihood function (13). This specification includes, as in previous work, adjustments for vintage and process, and, for the first time, changes in union bargaining outcomes.
In Table 5 further information is presented on controlling for the following:
how electricity requirements vary with kiln process and how fuel requirements alter with vintage. For flexibility, but also to capture the relative productivity of surviving kilns, the fuel coefficient is modelled as a quadratic function of the vintage of the kiln.
An attempt was made with an exponential specification but, even with well-behaved simulated data, there were problems with convergence. The quadratic seemed the best alternative to capture any non-linear relationship between fuel consumption and vintage.
Furthermore, to attempt to capture productivity improvements following the effective collapse of a strong trade union in the industry (Northrup (1989) ), a scaled trend is introduced. Finally, as discussed in sections 4.4 and 4.5, variables and terms are introduced to control for unobserved heterogeneity across plants and to allow for Ricardian rents.
The estimated coefficients may exceed industry averages, to be described in more detail below, if there are significant components of the unobserved costs that include labor, limestone, electricity and fuel, which cannot be ruled out. 
Controlling for unobserved heterogeneity across plants.
In section 2.2, it is noted that there are not infrequent examples of kilns not being closed according to the kiln retirement rule, on the basis of their observable characteristics. This suggested they had unobservable productivity differences. In this section, a method to control for unobservable productivity differences is suggested. To determine whether a plant was an exiter or a survivor or neither, the following process was used. The average vintage was calculated for near plants, near V .
A plant was then termed an exiter if at any time during the sample period, the ratio of the vintage of its first kiln to this average was less than one. A plant was termed a survivor if for the whole sample period its vintage was always greater than the average. The Survivor and Exiter variables, SR and EX, are then defined as follows:
where T ′ and T are the lifetime, within the sample period, of the kiln, and the whole sample period respectively, and D SV and D EX are dummies for survivor and exiter plants.
While Olley and Pakes (1996) controlled for unobserved heterogeneity using investment expenditure, the heterogeneity was confined to an autonomous productivity term. In Dionne et al (1998) unobserved heterogeneity is introduced through random effects. This paper improves on both of these approaches by allowing all input requirements coefficients to vary when controlling for unobserved heterogeneity.
A potential problem is that the kiln retirement decision, equation (5), is determined, in part, by unobserved differences in kiln fixed costs. But, this effect is unlikely to be econometrically important because the two central assets of the cement plant -the kiln and raw materials reserves -can last for decades. With the fairly complete coverage of inputs and prices in the cost function, it is unlikely that current unobserved fixed costs would be significantly correlated with the decision to close the plant.
Controlling for Ricardian rents.
The third specification, to be referred to as the Rents specification, includes both the adjustments in the Heterogeneity specification and an adjustment for Ricardian rents. The mean for the plant specific errors is left unspecified in (7) because of the possibility of Ricardian rents being earned as described in Section 2.
While a formal expression is not possible, it is expected the rents vary positively with demand, D, the price of imported cement, P m , the distance from domestic competition, DFC, the distance from import competition, DFCD and negatively with vintage, Vintage. A reduced form expression for the Ricardian rents is reported in Table 5 .
Results
The results of estimating the three specifications are discussed as follows.
First, the estimates of the input requirement coefficients in the General and Heterogeneity specifications are presented, followed by a discussion of the effects of controlling for Survivors and Exiters. Finally, the effects of including variables to capture the Ricardian rents are discussed.
In Table 6 industry averages of the input requirement coefficients followed by estimates obtained from each of the three specifications are presented. The industry averages are calculated from national input consumption and production statistics from the Bureau of Mines Minerals Yearbooks or, for fuel consumption, from 1977-1988, from surveys reported therein. As long as there is not too much dispersion in the distribution, these averages can be used as a benchmark for assessing the reasonableness of the estimates. While it is unlikely the estimated coefficients are exactly the same as these averages it is expected that the differences between them and the industry averages are statistically insignificant. For each variable the coefficient value, the standard error (in parentheses) and the t-statistic are reported.
The estimated limestone and electricity requirement coefficients are typically much greater than the industry averages, though the differences, for several of these coefficients, are statistically insignificant. The relative sizes of the estimated coefficients for electricity by process for the first two specifications are also counter intuitive though, again, the differences are statistically insignificant. The coefficients on labor, before the change in bargaining, are more satisfactory in that they are not significantly different from the industry averages but they are also not significantly different from zero. On first inspection, the estimates of the fuel requirement coefficients do not appear promising. For all three processes, while the fuel requirement increases, at a decreasing rate, with the vintage of the kiln, the estimated fuel requirement for a new kiln is negative. Though not encouraging, this may be less of a problem than it first appears as, for example, there are very few wet and dry kilns less than 20 years old. In particular, the estimated fuel requirement coefficients need to be examined across the relevant set of vintages. First, note the maximum fuel requirements for the dry, wet and preheater processes are 10.18, 7.16 and 3.62 million BTU per short ton (for kilns built in 1926). The dry process maximum is quite plausible but the maximums for the other two processes seem too low.
To evaluate these estimates more thoroughly, comparisons of the estimated coefficients with average actual requirements coefficients for various vintages were made. Estimates of fuel requirements coefficients for new kilns built during the 1950s through to the 1980s were collected from the industry trade journals, Rock Products and Pit and Quarry. Where estimates for at least three different plants were available, F-tests were then performed to compare the average actual coefficients with the estimated coefficients. The sample, vintage effects and the results of the F-tests are summarized in Table 7 .
The results of these tests are similar to those for the other estimated coefficients. For most cases the values of the estimated coefficients are different from the trade journal average but, with the imprecision of the estimates, the differences are not statistically significant. This appears to be less of a problem for the dry and wet processes than the preheater/precalciner process. But, in general, the quadratic functional form appears to be too restrictive to capture the variation in fuel requirements with vintage. Furthermore, a common vintage effect may also not be appropriate -especially for the preheater/precalciner kilns.
For labor requirements, after the change in bargaining arrangements, statistics similar to those calculated in Table 7 are calculated, adding in just the, near significant, squared component of the coefficient. The results are similar with the implied increase in productivity being too large and occurring too quickly. From four (General) to six (Heterogeneity) years after the change the estimated labor requirements coefficients are negative.
Next the adjustments to the input requirement coefficients for the different requirements for survivor and exiter plants are summarized in Table 8 . The survivor and exiter adjustment coefficients are tested for being significantly less than and significantly greater than zero where applicable.
Though introducing these variables significantly improved the specification, none of the individual coefficients are significantly different from zero in the hypothesized direction. The coefficient on electricity for the exiters is even significantly negative though this may reflect that low electricity consuming wet process plants were exiting early in the period. The sizes of the fuel coefficients for the survivors and exiters are plausible, though both are imprecisely estimated.
Finally, the effects of controlling for Ricardian rents are considered. Though a likelihood ratio test results in a significant improvement of the specification, the standard error on the regression increases considerably. The estimated standard error was expected to decrease if the large size of the standard error in the earlier specifications was due to failing to capture variations in rents. Furthermore, with the exception of limestone, the sizes and signs of the input requirement coefficients all become much less plausible. The value of the constant term is unreasonably high.
Likewise the sizes of the coefficients on the adjustment coefficients for survivors and exiters are less plausible. The coefficients on the rental variables are all insignificant.
The result of the likelihood ratio test suggests something is being picked up but it does not appear to be Ricardian rents.
To sum up, there are two features of the results that are encouraging and one less encouraging. The first encouraging feature is that the specification is basically supported by the data as the new estimator is successfully estimated. The second encouraging feature is that many of the estimated coefficients are not significantly different from the industry averages. The less encouraging feature is that the differences from the industry averages seem too large to be attributed to a nonsymmetric distribution of coefficients. Perhaps the most problematic component is the estimated fuel requirement coefficients. They are plausible over certain ranges of vintages, especially for the wet and dry process kilns. However, the quadratic relationship with vintage appears to be too restrictive. Introducing adjustment coefficients for survivor and exiter plants significantly improves the specification as a whole but the individual adjustment coefficients are not significantly different from zero as hypothesized. Finally, introducing the reduced form measure of Ricardian rents also improves the specification as a whole, but the additional variables are insignificant and the plausibility of the results in general deteriorates, which suggests this is the least successful component of the estimation. Collinearity may be a problem here.
So, for future work, there are several ways in which the specification could be improved. First, a more flexible specification of the relationship between fuel consumption and kiln vintage could be used. Second, alternative specifications of the rent variables could be introduced. Third, the specification of the variance could be adjusted to control for the effects of exit and entry.
There are echoes of these findings in earlier work. Rosenbaum (1994) reported negative coefficients on a measure of vintage (which would trend downwards in his sample) and on wage rates. It would be interesting to see if Rosenbaum's measure of wages was also trending downwards. The use of the earlier part of the sample period may have avoided this problem with fuel prices. Prentice (1996) , for the same sample period, had reversed coefficient sizes on variables capturing the interaction of fuel prices with process types. Das (1991a) had a constant term that was too high. Also, her results, using the prices data, improved when she shifted from using a logit to a semi-parametric estimation technique. The work of Rosenbaum and Das, to a certain extent, through their different sample periods, may have been insulated from the problems with either specification or unobserved variables that seem to be a problematic feature of these results.
Conclusion
This paper presents a structural model of a short run cost function for an industry with two features, recently highlighted in the literature, that make using existing techniques problematic: discrete production decisions and unobserved heterogeneity. Handling discrete production decisions requires a new estimator, of which the ordered probit is a special case. This estimator is extended to handle incomplete information on firm production decisions -a realistic constraint on firms and consultants. Data on plant survival and exit is used to adjust all input requirement coefficients for unobserved heterogeneity in productivity. The structural model is successfully estimated using a new dataset on the U.S. Portland cement industry.
Furthermore, many of the estimates of the coefficients of the cost function are not significantly different from independent estimates derived from trade journals and input consumption statistics. However, the differences between the estimates and the industry averages are too great to be completely comfortable. This, with the mixed success in controlling for unobserved heterogeneity and Ricardian rents, suggests that though the approach taken in this paper is promising more work needs to be done.
Endnotes
1. This section is based on Das (1992) and Peray (1986) . See Prentice (1998) for more details on the engineering characteristics of cement production.
2. A few plants have kilns of multiple processes but the ordering by vintage achieves the same ordering i.e. preheater/precalciner kilns are almost always newer than dry or wet process kilns in the same plant.
3. Import prices are by customs district (see Bureau of Mines (1976 See also Prentice (1997) .
5. Discreteness violates the usual conditions under which duality relationships hold. However, at the kiln level, the usual relationships hold which enable use of duality.
6. Capone and Elzinga (1987) used national limestone prices. Substantially national cement industry wage rates or even broader aggregates were used by Das (various) and Rosenbaum (1994; and earlier papers) . For some of these variables there are missing observations. In some cases, missing observations are replaced using data from adjacent or similar plants, similar variables, or interpolated. 7. Das (1992) used the Kiln Use Rule to infer kiln operations using plant level data. In an improvement on the methods used by Das, I corrected the capacity statistics for counter-cyclical maintenance. Not making this correction could lead to overestimating the number of kilns operating in boom periods, and underestimating the number of kilns operating in slower periods.
8. These conditions were satisified sufficiently for Bresnahan and Reiss (1990) to infer distributions of fixed costs from entry decisions and for Bertin, Bresnahan and Raff (1996) to estimate expected production rates.
9. Note that the estimate of the standard error of the distribution will, at best, provide an upper bound on the standard error of the underlying errors ρ. As long as the deviations from the reduced form estimate of the rents are normally distributed and uncorrelated with ρ the estimated standard error will be an estimate of the sum of the square root of the sum of the variances for the two normal distributions. The kilns that did not operate in all of the feasible combinations were recorded as not operating.
3. The first kilns of plants known to be mothballed (or else had closed the year before, without any evidence of being scrapped) were included as not operating. 
